Background and Purpose Medial smooth muscle cell necrosis has been reported as a lesion that may precede angionecrosis, which is a major cause of not only hypertensive brain hemorrhage but also lacunar infarct. We morphometrically studied a loss of smooth muscle cells in the media of cerebral arteries in relation to clinical risk factors.
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Methods The lateral striate, ie, perforating arteries and the medullary arteries in the subcortical white matter of the temporal lobe (100 to 400 /im in diameter) were histologically investigated in 121 autopsied brains. Medial area was measured quantitatively, and the number of nuclei of smooth muscle cells in the area was calculated in 1210 cross-sectional arteries of histological sections. The influence on the structural (ie, smooth muscle cell) preservation of the tunica media (ratio of number of smooth muscle cell nuclei to medial area [N-MA ratio]) of age, blood pressure, serum lipids, and presence or absence of extracerebral severe atherosclerosis was investigated.
Results The N-MA ratio decreased slightly with age in both arteries. A reverse correlation between N-MA ratio and age was seen in groups both with and without hypertension. The mean N-MA ratio in the hypertensive group was significantly lower than that of the nonhypertensive group (P<.001) in all decades of life. The mean N-MA ratio of the perforating arteries was slightly lower than that of the medullary arteries in both groups. Severe atherosclerosis of the internal carotid arteries, even with hypertension, mitigated a decrease of the N-MA ratio, which was as slight as that in the nonhypertensive group. Serum cholesterol in this group was higher than in both the conventional hypertensive group (P<.005) and the nonhypertensive group (P<.001).
Conclusions Although both hypertension and age were significant risk factors for medial smooth muscle cell necrosis, hypertension was relatively more significant. Medial smooth muscle cells of the perforating arteries in the basal ganglia were more vulnerable than those of the medullary arteries. Cerebral small arteries in subjects with severe atherosclerosis of the carotid and major cerebral arteries (hypertension in eight of nine subjects) may have been protected from extensive loss of medial smooth muscles presumably because of both high serum cholesterol and decreased wall tensile stress associated with reduced blood perfusion due to severe atherosclerotic stenosis. (Stroke. 1994;25:122-127.)
Key Words • aging • cerebral arteries • hypertension • muscle, smooth C erebral microaneurysm 1 is one of the smallvessel diseases that may cause lacunar infarction 26 and hemorrhage. 7 The microaneurysm develops after destruction of an arterial wall (plasmatic arterionecrosis) induced by severe insudation of blood plasma. Ooneda et al 7 reported that plasmatic insudation in the intracerebral arteries was accompanied by medial smooth muscle cell (SMC) necrosis. The incidence of microaneurysms increased among the hypertensive patients aged older than 40 years and also among normotensive subjects aged older than 60 years. 8 It is conceivable that SMC necrosis may be both an ageand hypertension-related disease. Longstanding systemic hypertension has been anecdotally linked to intramural nuclear loss and thickening of intracerebral vessels and is a well-established observation among clinical morphologists.
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We quantitatively studied medial SMC necrosis estimated with reduction of the number of SMC nuclei in the tunica media and the contributing clinical risk factors in human autopsy cases.
Methods
We investigated 121 brains of autopsied patients who died of various disorders after hospitalization for some duration. They were chosen from 413 brains from 1037 cases necropsied during the period from 1986 to 1990 in Dokkyo University Hospital (Tochigi, Japan) and Mihara Memorial Hospital (Isesaki, Japan). The ages of the 121 patients ranged from 14 to 97 years. None of the cases included cerebral amyloid angiopathy.
The cases were divided into various groups classified by clinical features: those having large cerebral infarcts associated with thrombotic occlusion or severe atherosclerotic narrowing of intracerebral and/or extracerebral internal carotid arteries (n=9) or those without infarcts (n=112). The latter group was also subdivided as follows: by blood pressure level (51 hypertensive, 61 nonhypertensive); by decade of life; and by sex (male, 34 in the hypertensive and 40 in the nonhypertensive group; female, 17 in the hypertensive and 21 in the nonhypertensive group).
The clinical data including blood pressure measurements were obtained from clinical records. Using the criteria of the World Health Organization, hypertension was defined as systolic pressure of >160 mm Hg or diastolic pressure of >95 mm Hg as determined retrospectively from the clinical rec- ords. If the patients had a history of hypertension they were included in the hypertensive group, even if they had been maintained in normotension by antihypertensive drugs. Other clinical data such as serum total cholesterol (in 59 of 112) and triglyceride (in 52 of 112) levels were also checked. All the brains were fixed by controlled-pressure (100 mm Hg) perfusion with 10% buffered formalin through the bilateral carotid arteries at autopsy. The perfused fixative was the same in volume, and the duration of the perfusion was also the same in all cases. After sufficient fixation, they were cut horizontally or coronally, carefully examined macroscopically, and recorded in detail. Tissue blocks for histological sections were obtained from the bilateral basal ganglia (putamen and claustrum) and the subcortical white matter of the temporal lobe. The sections were cut at a thickness of 5 fim from each block, embedded in paraffin, and stained with hematoxylineosin, using azan-Mallory's and elastica-Masson trichrome methods.
We selected intracerebral small arteries, which had been well distended and perpendicularly cut to the vessel axes and had a caliber of the outer media of 100 to 400 /xm in diameter, to be used for the histological specimens. The investigated arteries were (1) perforating arteries distributing to the putamen and claustrum (lateral striate arteries) and (2) subcortical segments of long medullary arteries in the white matter just under the cortex of the temporal lobes, which are the branches of the middle cerebral arteries.
To evaluate the grade of medial SMC necrosis, we adopted an index expressing a ratio of the number of the nuclei of medial SMCs to the medial area, expressed in square micrometers (N-MA ratio). This N-MA ratio can be interpreted as the degree of preservation of medial SMCs. The medial area was defined from the internal elastic lamina (as the inner limit) to the outer limit of media in the histological sections.
Four to eight arteries vertically cross-sectioned were investigated in each area of each brain (641 arteries of the nonhypertensive and 569 of the hypertensive group in total) for the morphometric study, which was carried out on the light-microscopic sections by means of a computer-assisted analysis system (oz software from Olympus and Rize Company assisted by PC9801, NEC Co, Tokyo, Japan). The image of each medial area traced on a digitizer plate was put into the computer, and the areas were calculated individually. We simultaneously counted the number of the nuclei of the medial SMCs of each artery. To obtain valid data, the morphometric data were obtained double-blind (with regard to whether or not the patient was hypertensive).
In the cases of large cerebral infarcts with severe atherosclerosis of the extracranial and/or intracranial carotid arteries, arterial samples were selected from the same two areas described above of infarct-free cerebral hemispheres to avoid the effect of secondary ischemic changes in the affected areas. However, the arteries in infarct-free hemispheres were also supplied by carotid arteries suffering marked atherosclerosis.
The influence on the structural (ie, SMCs) preservation of age, sex, blood pressure, and serum total cholesterol and triglyceride levels (the N-MA ratio) was investigated in each age decade group.
All results are presented as mean±SEM. The differences in the N-MA ratio among the groups were evaluated statistically by comparison of the average values among the groups (Student's / test). The comparison of the means of cholesterol and triglyceride were also evaluated among the groups using Student's / or Welch's t test. The correlations between age and the N-MA ratio in the hypertensive and nonhypertensive groups were evaluated by a simple linear correlation analysis, and the correlation coefficients were calculated.
Results
The number of nuclei of medial SMCs decreased by various degrees in hypertensive cases and with age. The medias exhibiting the disappearance of medial SMC nuclei were replaced by mainly collagenous fibers stained blue with azan-Mallory's stain. The decrease in medial SMCs had a tendency to be affected strongly in the outer media, although the total disappearance of medial SMCs was noted in the most severe cases. In groups of both hypertensive and nonhypertensive patients, the number of nuclei of medial SMCs in the given area (N-MA ratio) decreased in parallel with age in both the perforating and medullary arteries; that is, there were significant negative correlations between the N-MA ratio and age in both arteries in both groups. However, the correlations in both arteries of the nonhypertensive group (Fig 1) were more significant than those of the hypertensive group (Fig 2) . For the perforating arteries as a whole, the average value of the N-MA ratio in the ninth decade decreased to 57% of the mean of the second and third decades in the nonhypertensive group and decreased to 72% of that of the fourth decade in the hypertensive group (Table 1) . For medullary arteries, it decreased to 65% in the nonhypertensive and to 68% in the hypertensive group. The mean N-MA ratio of the perforating arteries was slightly lower than that of the medullary arteries in both the hypertensive and nonhypertensive groups in all decades. However, there were significant differences between them only in the sixth decade of the nonhypertensive group (P<.05) and the fifth decade of the hypertensive group (P<.05).
The mean value of the N-MA ratio for all decades in the hypertensive group was significantly lower than that for all decades in the nonhypertensive group. The mean N-MA ratio values of the perforating arteries of the nonhypertensive group were 2.1 to 2.9 times larger than those of the hypertensive group when comparing the same age groups.
In nonhypertensive patients, cerebral arteries in the men had slightly fewer preserved SMCs in the media of either arteries than women in all age decades except the eighth (Table 2) . On the other hand, in the hypertensive group the sex predominance in N-MA ratio varied from decade to decade, and no sexual difference was found.
The mean values of serum total cholesterol were 158 ±45 mg/dL in the nonhypertensive group and 187±57 mg/dL in the hypertensive group. Triglyceride values were 118±58 mg/dL in the nonhypertensive group and 199±132 mg/dL in the hypertensive group (Table 3 ). The correlations between N-MA ratio and cholesterol and between N-MA ratio and triglyceride were evaluated in each decade, and there was a positive correlation only in the seventh decade (n=6, /•=.88) of the nonhypertensive group.
Hypertension was found in eight of the nine subjects with large cerebral infarcts (mean age, 66±11 years). We investigated the arteries in the infarct-free cerebral hemispheres, which were also supplied by the carotid arteries suffering severe atherosclerosis. The means of the N-MA ratio in this group were 50.7±9.5xl0~4/Mm 2 in the perforating arteries and 63±13.6xl0~4/ju,m 2 in the medullary arteries (Table 4 ). Both the mean N-MA ratios of this group were significantly higher than those of the conventional hypertensive cases (mean age, 65±15 years) without large cerebral infarcts (P<.001 in both). On the other hand, there was no difference in the N-MA ratio between this group and the nonhypertensive group. The mean serum cholesterol level of this group (242±46 mg/dL, n=9) was higher than that of the conventional hypertensive group (178±43 mg/dL, n=25) (F<.005) and also higher than that of the nonhypertensive group (158±45 mg/dL, n = 34) )
Discussion
The perforating arteries, especially the lateral striate artery, investigated in this study have been generally considered to be the most culpable for spontaneous intracerebral hemorrhage, 9 and a segment of 100 to 400 fim in diameter of the artery is the most preferential for angionecrosis, that is, fibrinoid necrosis of the artery, in hypertensive subjects. 810 ' 11 On the other hand, another artery used for this study, the subcortical segment of the long medullary artery, especially in the border zone between the cortex and medulla, also has been consid- ered to be responsible for spontaneous cortical hemorrhage, and it is also the favorite site of microaneurysm formation due to fibrinoid necrosis. 1 ' 9 Electron-microscopic study 12 revealed that the medial SMC necrosis was followed by plasmatic insudation, resulting in plasmatic necrosis or fibrinoid necrosis, and also that cell debris of SMCs was scattered in increased basement membrane-like substance in the media, even before starting plasma insudation. Those areas were observed as reduction of numbers of SMC nuclei under a light microscope. The atrophy of SMCs and the decrease in nuclear number of SMCs were recognizable also under the light microscope, and no medial fibrosis could be observed without any atrophy of SMCs or decrease in nuclear number of SMCs. Therefore, the number of nuclei of the SMCs represented by the N-MA ratio may indicate the grade of medial SMC necrosis or structural preservation (actually, the grade of SMC preservation).
Medial SMC necrosis of rat cerebral artery was augmented with age 13 and was observed to exist especially in the outer media, as mentioned previously. We found that a loss of SMCs with age was more apparent in the nonhypertensive group than in the hypertensive group. However, hypertension was much more injurious to the SMC reduction process than aging, because the mean N-MA ratio of hypertensive young individuals (fourth or fifth decade) was significantly lower than that of nonhypertensive subjects in their eighth or ninth decade.
There may be a geographical difference of medial vulnerability in the cerebral arteries. The N-MA ratio of the perforating arteries had a tendency to be lower than that of the medullary arteries of the cortical branches. The lumen diameter of the perforating arteries, especially of the lenticulostriate artery, is generally large in comparison to its wall thickness, 14 while the length of the artery is short from the origin at the cerebral base. On the other hand, the lengths of the cortical arteries, including the medullary arteries, from the cerebral base to the segment of the corresponding diameter to the former, is much longer. According to the formula by Hagen-Poiseuille, AP=8T//<2/T7T 4 , where A/? is degree of decreased pressure; 877, viscosity coefficient; /, length of the tube; Q, flow volume; and r, radius, the grade of decrease of blood pressure in the perforating arteries is lower than that in the medullary arteries. The internal pressure in the perforating arteries can be more than that in the medullary arteries; that is, from the formula of Frank-Laplace (T=PR/H, where T is wall tensile stress; P, internal pressure; R, radius; and H, wall thickness), the medial injury caused by increased wall stress can also be more in the perforating arteries than in the medullary arteries. This may satisfactorily explain the N-MA ratio of the perforating arteries being lower than that of the medullary arteries. The formula of Frank-Laplace can also explain the finding that SMC necrosis was more severe in outer media than in inner media because of the difference of radius (more stress may be exerted in the outer wall than in the inner wall). Other factors, such as vasospasm-associated wall damage provoked by neurological hypertonicity or hemodynamic forces based on anatomic distribution, may be also important. The former hypothesis well fits the finding 15 that perivascular innervation was densely distributed in the lenticulostriate arteries while it was sparse in the cortical circumflex branches in the subarachnoid space, using a comparison of the same arterial diameter. Hypertension may accelerate neurological hypertonicity, and the perforating arteries may easily suffer wall damage, as previously mentioned.
Men are generally considered to be at a greater risk for stroke than women. 16 In our study, the mean N-MA ratio for men was slightly lower than that of women in the nonhypertensive group. No sexual difference was found in the hypertensive group, presumably because the hypertensive injury might have made the difference unclear.
The Multiple Risk Factor Intervention Trial Group (1992) 17 showed that a low cholesterol level was a risk for intracranial hemorrhage. In one study on experimental hypertensive rats, medial necrosis of the mesenteric artery was inhibited by a high-lipid diet. 18 In our study, there was a significant positive correlation between cholesterol and N-MA ratio only in the seventh decade of life in the nonhypertensive group (n=6, r=.88), but there was no correlation between the triglyceride level and N-MA ratio for any decade in either group. However, this may be because of the scarcity of the number of cases for each age group. The mechanism of inhibition of medial necrosis by hyperlipidemia is still unclear, but, as a possible hypothesis, regenerative proliferation or hypertrophy of SMCs may be stimulated by hyperlipidemia.
In the subjects with large infarcts due to extracerebral atherosclerosis complicated with severe stenosis or thrombosis, the mean value of the N-MA ratio was higher than that of the hypertensive group in the same decade of life, and there was no difference in N-MA ratio between this group and the nonhypertensive group; that is, the intracerebral arteries of the patients with severe atherosclerosis could avoid wall damage by hypertension even though they had clinical hypertension (in eight of nine cases). Some possible explanations for this phenomenon are (1) the effect of serum cholesterol, ie, a significantly higher level of serum cholesterol (242 ±46 mg/dL) in comparison to the conventional hypertensive group (178±43 mg/dL, n=25) or (2) those arteries may have not been subjected to exertion by high wall tensile stress compared with those of the conventional hypertensive patients without severe extracerebral atherosclerosis, because the intraluminal pressure of the cerebral artery distal to the atherosclerotic stenosis might have been reduced. 19 
